ml) and maximal subliminal toxic levels (35 ,ug/ml) on HeLa-S3, HeLa-Gey, Chang-liver, and Maben cells, and on their response to infection by cytopathic and submoderate (noncytopathic) mutants of type 2 poliovirus. Assays of cell response to T3 alone, or in combination with the mutants of poliovirus, were made by conventional monolayer cell culture techniques, by study of the effect of T3 on plating efficiency of cells, and by study of its influence on (Long and Shewell, 1955; Lurie and Ninos, 1956; Murphy, Wiens, and Watson, 1958) . The thyroid hormones were studied particularly in this regard because of their systemic effects and influence ' These studies were taken from the thesis submitted to the University of Michigan by Cora Bullis in partial fulfillment of the requirements for the M.S. degree. on metabolism at the cellular level. Investigations of the effect in vitro of thyroid hormones on cells in culture were reported for established cell strains (Lieberman and Ove, 1959; Leslie and Sinclair, 1959; Halevy and Avivi, 1958; Von Haam and Cappel, 1940) . Eaton and Scala (1957) analyzed the effect of thyroid hormones on the response of fibroblasts from chicken embryos to infection by influenza virus. The biphasic effect of thyroxine on replication of influenza virus was manifested by an increased yield of virus during the first 24 hr after infection, followed by suppression of virus multiplication. Although the effects of a variety of hormones on the replication of viruses in cell cultures were reported (Kilbourne, 1957; Likar and Wilson, 1959; Stewart, 1960) , attempts to induce with steroid hormones a cytopathic response of HeLa cells to infection by hepatitis viruses thought to be present in clinical materials (Franklin, 1960) were not successful. Because the delicate balance between cytopathic and noncytopathic response of cell cultures to infection by submoderate poliovirus (Murphy and Armstrong, 1959; Murphy and Landau, in press) could be exploited, a study was made of the influence of L-3,3', 5-triiodothyronine (T3) on cellular response to infection. T3 was used because it is more active than thyroxine (Barker, 1956; Michel and Pitt-Rivers, 1957) on cell metabolism and membrane permeability (Lehninger and Ray, 1957; Tapley and Cooper, 1956 ).
MATERIALS AND METHODS
Cell strains and media. The origin of the strains of HeLa-S3, HeLa-Gey, Chang-liver, and Maben cells was reported previously (Murphy and Wisner, 1962 (Murphy and Wisner, 1962) , the cells washed three times with the buffered salt solution (GKN) described by Merchant, Kahn, and Murphy (1960) , and graded concentrations of T3 in maintenance medium added. Five replicate culture tubes were used for each concentration of T3: 0.1, 1.0, 10, 20, 30, 40, 50, and 60 /Ag/ml; five control tubes contained maintenance medium free of T3. Cell cultures were incubated at 37 C, examined daily for 7 days, and the rate of change in cell morphology recorded.
Effect of TS on colonies of cells. The procedure used to plate cells was previously described (Murphy and Wisner, 1962 (Murphy and Wisner, 1962 (Murphy and Wisner, 1962) . n C E : viruses (Reed and Muench, 1938) and prepare Leighton tube cultures.
RESULTS
Effect of TS on cells in monolayer culture. To determine the liminal dose of T3 for the cell strains, graded amounts were added to cultures in tubes and compared with cultures containing maintenance medium. All cell strains responded (Table 1) similarly to T3. The maximal subtoxic (subliminal) dose was approximately 35 ,g/ml. The Chang and Maben cell strains appeared to be more sensitive to toxicity of T3 than the strains of HeLa cells. The metabolism of cells in tubes that received toxic doses of the hormone was inhibited. When a range of 0.1 to 10 ,ug/ml of T3 was used, the cells of each strain produced slightly more acid than the controls. These findings coincided with published biochemical studies; viz., T3 at physiological levels (10-4 M) increased the metabolic activity of cells in culture (Leslie and Sinclair, 1959; Halevy and Avivi, 1958; Von Haam and Cappel, 1940) . The toxicity of T3 for cells, although it varied slightly from one strain to another, was characterized by agglutination of cells ( Fig. 1 and 2 ) and thickening HeLa-S3 Cell control 0 ± 17 0 ± 19 T3, 1,ug/ml 0 ± 14 4 ± 13 T3, 35,ug/ml 10 ±-5 8 ± 6
HeLa-Gey Cell control 0 ± 5 0 ± 7 T3,Ijug/ml 3 ± 2 5 ± 5 T3, 35 ug/ml 1 ± 1 4 ± 3
Chang-liver Cell control 0 ± 6 0 ± 2 T3, 1 ug/ml 3 + 4 0 ± 10 T3, 35,ug/ml 31 ± 4* 0 ± 15
Maben
Cell control 0 ± 18 0 ± 6 T3, 1,ug/ml 5 ± 11 0 ± 12 T3, 35,ug/ml 11 ± 16 0 ± 6 * P value of <0.05 by Student's t-test of combined results of three separate experiments.
of the cytoplasmic membrane ( Fig. 3 and 4) . The agglutinative effect occurred in all cell strains but was most pronounced with the HeLaGey line. Contractive processes that appeared to be related causally to the thickening of cell membranes were most marked in Chang and Maben cells. The majority of cells that degenerated exhibited the usual fibroblastic appearance commonly seen when cells are exposed to toxic substances.
Effect of TS on colonies of cells. T3 was added to colonies of cells to confirm the subjective observations recorded in Table 1 , and to obtain more precise data on the dose-response of cells to the drug. Assays were repeated three times; not less than 4,500 colonies were scored for each cell strain. A concentration of T3 of 1 or 35,ug/ml had a significant toxic effect only on compact colonies of the Maben strain ( Table 2) .
Effect of T3 on plating efficiency of cells. Experiments were devised to test whether T3 exerted a significant effect on the plating efficiency of cells. The design of the analysis made it possible to assess whether the hormone exerted a differential effect that gave rise to each of the two colony types. The techniques outlined above were used for these experiments. All experiments were repeated three times; not less than 3,000 (Table 4) .
Effect of T3 on morphological response of cells in monolayer culture to polioviruses. Morphological studies of the effect on each cell strain of the two viruses alone and in combination with T3 were carried out in parallel in an attempt to provide evidence for the induction of submoderate virus cytopathic effect.
The results (Table 5) showed that HeLa-S3 and Chang cells remained resistant to the cytopathicity of submoderate poliovirus (Murphy and Armstrong, 1959 Since the effect of virus-cell interaction of T3 at concentrations of 35 and 1 ug/ml was essentially the same, only results for T3 at a dose of 1 ,ug/ml are recorded (Fig. 5 and 6 (Fig. 7) (McLaren, Holland, and Syverton, 1960), (ii) alterations in the balance of cell metabolic pathways, (iii) inefficient recombination between virus nucleic acid and host genetic elements (Darnell and Sawyer, 1960; Brenner, 1959) , or (iv) other factors that govern cellular response to infection (M\elnick et al., 1957) . Because T3 has an effect on the metabolism of cells and on the membranes of the cell surface and internal organelles (Von Haam and Cappel, 1940; Emmelot and Brombacher, 1957; Lehninger and Ray, 1957; Park, 1Ieriwether, and Ilark, 1958; Halevy and Avivi, 1958; Leslie and Sinclair, 1959) Eaton and Scala (1957) , who reported that the addition of thyroid hormones at physiological levels to cultures of chicken embryo fibroblasts increased the yield of influenza virus during the early stages of v-irus production.
